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Scalar meson exchange in V → P 0P 0γ decays ∗
R. Escribanoa†
aGrup de F´ısica Teo`rica and IFAE, Universitat Auto`noma de Barcelona,
E-08193 Bellaterra (Barcelona), Spain
The complementarity between Chiral Perturbation Theory and the Linear Sigma Model is exploited to study scalar
meson exchange in V → P 0P 0γ decays. The recently reported experimental data on φ→ pi0pi0γ, φ→ pi0ηγ and
ρ→ pi0pi0γ can be satisfactorily accommodated in our framework.
1. INTRODUCTION
The radiative decays of light vector mesons (V =
ρ, ω, φ) into a pair of neutral pseudoscalars (P =
π0,K0, η), V → P 0P 0γ, are an excellent labo-
ratory for investigating the nature and extract-
ing the properties of the light scalar meson res-
onances (S = σ, a0, f0). Particularly interest-
ing are the so called golden processes, namely
φ → π0π0γ, φ → π0ηγ and ρ → π0π0γ, which,
as we will see, can provide us with valuable infor-
mation on the properties of the f0(980), a0(980)
and σ(500), respectively.
2. EXPERIMENTAL DATA
For φ → π0π0γ, the first measurements of this
decay have been reported by the SND and CMD-
2 Collaborations. For the branching ratio they
obtain B(φ → π0π0γ) = (1.22 ± 0.12) × 10−4
[1] and (0.92 ± 0.10) × 10−4 [2], for mpipi > 700
MeV in the latter case. More recently, the KLOE
Collaboration has measured B(φ → π0π0γ) =
(1.09±0.06)×10−4 [3]. In all the cases, the spec-
trum is clearly peaked at mpipi ≃ 970 MeV, as ex-
pected from an important f0(980) contribution.
For φ→ π0ηγ, the branching ratios measured by
the SND, CMD-2 and KLOE Collaborations are
B(φ→ π0ηγ) = (8.8±1.7)×10−5 [4], (9.0±2.6)×
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10−5 [2], and B(φ → π0ηγ) = (8.51 ± 0.76) ×
10−5 (η → γγ) and (7.96 ± 0.72) × 10−5 (η →
π+π−π0) [5]. Again, in all the cases, the observed
mass spectrum shows a significant enhancement
at large π0η invariant mass that is interpreted as
a manifestation of the dominant contribution of
the a0(980)γ intermediate state.
For ρ → π0π0γ, the SND Coll. has measured
B(ρ→ π0π0γ) = (4.1+1.0−0.9 ± 0.3)× 10−5 [6]. This
value can be explained by means of a significant
contribution of the σ(500)γ intermediate state to-
gether with the well-known ωπ contribution.
3. THEORETICAL FRAMEWORK
A first attempt to explain the V → P 0P 0γ de-
cays was done in Ref. [7] using the vector me-
son dominance (VMD) model. In this frame-
work, the V → P 0P 0γ decays proceed through
the decay chain V → V P 0 → P 0P 0γ. The cal-
culated branching ratios BVMDφ→pi0pi0γ = 1.2× 10−5,
BVMDφ→pi0ηγ = 5.4×10−6 and BVMDρ→pi0pi0γ = 1.1×10−5
[7] are found to be substantially smaller than
the experimental results. Later on, the V →
P 0P 0γ decays were studied in a Chiral Perturba-
tion Theory (ChPT) context enlarged to included
on-shell vector mesons [8]. In this formalism,
Bχφ→pi0pi0γ = 5.1 × 10−5, Bχφ→pi0ηγ = 3.0 × 10−5
and Bχρ→pi0pi0γ = 9.5 × 10−6. Taking into ac-
count both chiral and VMD contributions, one fi-
nally obtains BVMD+χφ→pi0pi0γ = 6.1×10−5, BVMD+χφ→pi0ηγ =
3.6× 10−5 and BVMD+χρ→pi0pi0γ = 2.6× 10−5 [8], which
are still below the experimental results. Addi-
tional contributions are thus certainly required
2and the most natural candidates are the contri-
butions coming from the exchange of scalar res-
onances. A first model including the scalar reso-
nances explicitly is the no structure model, where
the V → P 0P 0γ decays proceed through the de-
cay chain V → Sγ → P 0P 0γ and the coupling
V Sγ is considered as pointlike. This model is
ruled out by experimental data on φ → π0π0γ
decays [1]. A second model is the kaon loop model
[9], where the initial vector decays into a pair of
charged kaons that, after the emission of a pho-
ton, rescatter into a pair of neutral pseudoscalars
through the exchange of scalar resonances.
The previous two models include the scalar reso-
nances ad hoc, and the pseudoscalar rescattering
amplitudes are not chiral invariant. This problem
is solved in the next two models which are based
not only on the kaon loop model but also on chiral
symmetry. The first one is the Unitarized Chiral
Perturbation Theory (UChPT) where the scalar
resonances are generated dynamically by unita-
rizing the one-loop pseudoscalar amplitudes. In
this approach, BUχPTφ→pi0pi0γ = 8× 10−5, BUχPTφ→pi0ηγ =
8.7× 10−5 and BUχPTρ→pi0pi0γ = 1.4× 10−5 [10]. The
second model is the Linear Sigma Model (LσM),
a well-defined U(3)×U(3) chiral model which in-
corporates ab initio the pseudoscalar and scalar
mesons nonets. The advantage of the LσM is to
incorporate explicitly the effects of scalar meson
poles while keeping the correct behaviour at low
invariant masses expected from ChPT.
In the next three sections, we discuss the scalar
contributions to the φ → π0π0γ, φ → π0ηγ and
ρ→ π0π0γ decays in the framework of the LσM.
4. φ→ π0π0γ
The scalar contribution to this process is driven
by the decay chain φ → K+K−(γ) → π0π0γ.
The contribution from pion loops is known to be
negligible due to the Zweig rule. The amplitude
for φ(q∗, ǫ∗)→ π0(p)π0(p′)γ(q, ǫ) is given by [11]
A = egs
2π2m2K+
{a}L(m2pi0pi0)×ALσMK+K−→pi0pi0 , (1)
where {a} = (ǫ∗ · ǫ) (q∗ · q) − (ǫ∗ · q) (ǫ · q∗),
m2pi0pi0 ≡ s is the dipion invariant mass and
L(m2pi0pi0) is a loop integral function. The φKK¯
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Figure 1. dB(φ→ pi0pi0γ)/dmpi0pi0×10
8 (in MeV−1)
versus mpi0pi0 (in MeV). The dashed, dotted and dot-
dashed lines correspond to the contributions from the
LσM, VMD and their interference, respectively. The
solid line is the total result. The long-dashed line
is the chiral loop prediction. Experimental data are
taken from Ref. [1] (solid star) and Ref. [3] (open
diamond).
coupling constant gs takes the value |gs| ≃ 4.6 to
agree with Γexpφ→K+K− = 2.19 MeV [12].
The K+K− → π0π0 amplitude in the LσM is
ALσMK+K−→pi0pi0 = m
2
pi−s/2
2fpifK
+
s−m2pi
2fpifK
×
[
m2K−m
2
σ
Dσ(s)
cφS(cφS −
√
2 sφS)
+
m2K−m
2
f0
Df0 (s)
sφS(sφS +
√
2 cφS)
]
,
(2)
where DS(s) are the S = σ, f0 propagators, φS is
the scalar mixing angle in the flavour basis and
(cφS , sφS) ≡ (cosφS , sinφS). A Breit-Wigner
propagator is used for the σ, while for the f0 a
complete one-loop propagator is preferable [9,13].
For mS →∞ (S = σ, f0), the LσM amplitude (2)
reduces to the corresponding ChPT amplitude,
s/(4fpifK), and is thus expected to account for
the lowest part of the ππ spectrum. In addition,
the presence of the scalar propagators in Eq. (2)
should be able to reproduce the effects of the f0
(and the σ) pole(s) at higher ππ invariant mass
values. This complementarity between ChPT and
the LσM makes the whole analysis quite reliable.
The final results for A(φ → π0π0γ) are then the
sum of the LσM contribution in Eq. (1) plus the
VMD contribution that can be found in Ref. [11].
The π0π0 invariant mass distribution, with the
separate contributions from the LσM, VMD and
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Figure 2. dB(φ → pi0ηγ)/dmpi0η × 10
7 (in MeV−1)
versus mpi0η (in MeV). The curves follow the same
conventions as in Fig. 1. Experimental data are taken
from Ref. [4] (solid star) and Ref. [5]: (open diamond)
from η → γγ and (solid diamond) from η → pi+pi−pi0.
their interference, as well as the total result, are
shown in Fig. 1. We usemσ = 478 MeV and Γσ =
324 MeV from Ref. [14], mf0 = 985 MeV and
φS = −9◦ [11]. Notice that the contribution of
the σ to this process is suppressed since gσKK ∝
(m2σ −m2K) ≃ 0 for mσ ≃ mK —by contrast, the
chiral loop prediction shows no suppression in the
region mpipi ≃ 500 MeV, see Fig. 1.
Integrating the π0π0 invariant mass distribution
over the whole physical region one finally obtains
B(φ → π0π0γ) = 1.16× 10−4. The shape of the
ππ mass spectrum and the branching ratio are in
agreement with the experimental results. How-
ever, both predictions are very sensitive to the
values of the f0 mass and the scalar mixing angle
(this latter because of gf0pipi ∝ sinφS). Conse-
quently, the φ → π0π0γ decay could be used to
extract valuable information on these parameters.
5. φ→ π0ηγ
The scalar contribution to the φ→ π0ηγ decay is
identical to that of φ → π0π0γ with the replace-
ment of ALσMK+K−→pi0pi0 by ALσMK+K−→pi0η in Eq. (2).
This latter amplitude is written as
ALσMK+K−→pi0η =
m2η+m
2
pi−s
4fpifK
(cφP −
√
2 sφP )
+
s−m2η
2fpifK
m2K−m
2
a0
Da0 (s)
cφP ,
(3)
where φP is the pseudoscalar mixing angle and
Da0(s) the complete one-loop a0 propagator [9].
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Figure 3. dB(ρ→ pi0pi0γ)/dmpi0pi0×10
7 (in MeV−1)
versus mpi0pi0 (in MeV). The curves follow the same
conventions as in Fig. 1. The reference values mσ =
478 MeV and Γσ = 324 MeV [14] have been used.
The separate contributions to the π0η invariant
mass distribution, and the total result, are shown
in Fig. 2. The chiral loop prediction is also in-
cluded for comparison. We use ma0 = 984.8
MeV [12] and φP = 41.8
◦ [15]. Integrating the
π0η invariant mass spectrum one obtains B(φ→
π0ηγ) = 8.3× 10−5. The π0η mass spectrum and
the branching ratio are in fair agreement with ex-
perimental results and with previous phenomeno-
logical estimates [16,17].
6. ρ→ π0π0γ
The scalar contribution to this process is mainly
driven by the decay mechanism ρ→ π+π−(γ)→
π0π0γ [8], and the amplitude is given by [18]
A = −eg√
2π2m2pi+
{a}L(m2pi0pi0)×ALσMpi+pi−→pi0pi0 , (4)
where the ρππ coupling constant g is fixed to |g| =
4.27 to agree with Γexpρ→pi+pi− = 150.2 MeV —in
the good SU(3) limit one should have |g| = |gs|.
The π+π− → π0π0 amplitude in the LσM is
ALσMpi+pi−→pi0pi0 = s−m
2
pi
f2pi
×
(
m2pi−m
2
σ
Dσ(s)
c2φS +
m2pi−m
2
f0
Df0 (s)
s2φS
)
,
(5)
which reduces to the ChPT amplitude, (s −
m2pi)/f
2
pi , in the limit mσ,f0 →∞.
The different contributions to the π0π0 invari-
ant mass distribution are shown in Fig. 3. In-
tegrating the π0π0 mass spectrum one obtains
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Figure 4. dB(ρ→ pi0pi0γ)/dmpi0pi0×10
7 (in MeV−1)
versus mpi0pi0 (in MeV). The various predictions are
for: mσ = 478 MeV and Γσ = 324 MeV [14] (solid
line); mσ = 478 MeV [14] and Γ
LσM
σ = 256 MeV
(dot-dashed line); and mσ = 555 MeV and Γσ = 540
MeV [19] (dashed line). The chiral loop prediction is
also included for comparison (dotted line).
B(ρ → π0π0γ) = 3.8 × 10−5, in agreement with
the experimental result.
The scalar contribution to ρ → π0π0γ is mainly
driven by the σ(500) for kinematical reasons. In
order to show the sensitivity of our treatment on
the parameters of the σ we have plotted in Fig. 4
our final predictions for various values of mσ and
Γσ. Taking now the values mσ = 478 MeV [14]
and Γσ = 256 MeV, as required by the LσM, one
finds B(ρ → π0π0γ) = 4.7 × 10−5. The predic-
tion for mσ = 555 MeV and Γσ = 540 MeV [19]
is 2.8 × 10−5, well below the SND result. The
smallness of the former value disfavours a broad
σ while the smallness of the chiral loop contribu-
tion 2.9× 10−5 confirms the need of the effects of
a moderately narrow σ.
7. CONCLUSIONS
i) The golden processes, φ → π0π0γ, φ → π0ηγ
and ρ→ π0π0γ have been shown to be very useful
to extract relevant information on the properties
of the f0(980), a0(980) and σ(500), respectively.
ii) The complementary between ChPT and the
LσM is used to parametrize the needed scalar
amplitudes. This guarantees the appropriate be-
haviour at low dimeson invariant masses but also
allows to include the effects of the scalar meson
poles.
iii) The LσM predictions for the invariant mass
spectra and their respective branching ratios are
compatible with experimental data.
iv) The prediction for φ → π0π0γ is dominated
by f0(980) exchange and is strongly dependent on
the values of mf0 and φS . For the preferred val-
ues mf0 = 985 MeV and φS = −9◦, one obtains
B(φ→ π0π0γ) = 1.16× 10−4.
v) φ → π0ηγ is dominated by a0(980) exchange.
For the values ma0 = 984.8 MeV and φP = 41.8
◦,
one obtains B(φ→ π0ηγ) = 8.3× 10−5.
vi) Experimental data on ρ → π0π0γ decays
seem to prefer a low mass and moderately nar-
row σ(500). For the reference values mσ = 478
MeV and Γσ = 324 MeV, one obtains B(ρ →
π0π0γ) = 3.8× 10−5.
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